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DUFKLWHFWXUH7KHVHPRGHOVPD\LQFOXGHWZRRUPRUHFRPSXWDWLRQDOSDFNDJHV>@ZKLFKRSHUDWHLQ
WKHKHWHURJHQHRXVFRPSXWDWLRQDOHQYLURQPHQW6XFKDQHQYLURQPHQWFRQWDLQVFRPSXWHUVZLWKGLIIHUHQW
DUFKLWHFWXUHDQGYDU\LQJOHYHOVRISHUIRUPDQFHLQFOXGLQJ603VXSHUFRPSXWHUVK\EULGFOXVWHUVHWF
7RFUHDWHDPRGHORIDPXOWLVFDOHV\VWHPWKHDXWKRUVVFLHQWLVWVDUHUHTXLUHGWRKDYHNQRZOHGJH
VNLOOVDQGPRVWLPSRUWDQWO\ZRUNH[SHULHQFHZLWKUHODWHGLQVWUXPHQWVDQGWRROVHJGRPDLQVSHFLILF
DSSOLFDWLRQ SDFNDJHV $W WKH OHDUQLQJ VWDJH XVXDOO\ DW WKH PDVWHU¶V OHYHO WKH\ PLJKW UHFHLYH WKLV
H[SHULHQFHLQWKHFRPSXWDWLRQDOHQYLURQPHQWDQGWKURXJKWKHXVHRIWKHVRIWZDUHRIDUHODWHGVFLHQWLILF
JURXSWHDPDQGSDUWQHUV$VDUXOHVWXGHQWVOHDUQDERXWVFLHQWLILFUHVXOWVDQGWKHUHODWHGVRIWZDUHRI
RWKHUJURXSV WKURXJKVFLHQWLILFSDSHUVDQGRFFDVLRQDOO\ WKH\DFTXLUHUHODWHGVNLOOV LQXVLQJVRIWZDUH
GRZQORDGHG IURP WKH ,QWHUQHW DQG LQVWDOOHG RQ WKH ORFDO 3&RU VHUYHU HJ0RQWDJH ± D WRRONLW IRU
DVVHPEOLQJLPDJHVLQWRFXVWRPPRVDLFVRUWKHQ0RGQ%RG\0RGHOOLQJ7RRONLWÁRUGXULQJVWXGHQWV¶
H[FKDQJHV+RZHYHUVWXGHQWVJHQHUDOO\GRQRWKDYHGLUHFWDFFHVVWRWKHRULJLQDOVFLHQWLILFVRIWZDUHDQG
UHODWHGFRPSXWDWLRQDOHQYLURQPHQWVRIRWKHUJURXSV$ORQJZLWKWKHPDLQWHQDQFHFRVWVWKHGHSOR\PHQW
RIVXFKHQYLURQPHQWVIRUHGXFDWLRQDOSXUSRVHVLVH[SHQVLYHXVHOHVVRULQVRPHFDVHVLPSRVVLEOH
$W WKH SUHVHQW WLPH HGXFDWLRQ VRFLHWLHV KDYH D ODUJH QXPEHU RI VWDQGDUGV PHWKRGRORJLHV DQG
WHFKQRORJLHV HJ5HXVDEOH/HDUQLQJ2EMHFW >@/HDUQLQJ7RROV ,QWHURSHUDELOLW\ /7, >@ 7KHVH
LQVWUXPHQWV DQG WRROV VHUYH WR UHDOL]H WUDGLWLRQDO DQG RULJLQDO LGHDV LQ GLIIHUHQW IRUPV RI OHDUQLQJ
UHVRXUFHVDQGHQYLURQPHQWVLQFOXGLQJYLUWXDOOHDUQLQJODEV>@7KHVHUHVRXUFHVDUHXVHIXOIRUFRUH
FRXUVHVOLNH*UDSK7KHRU\RU(QWHUSULVH(FRQRP\DVWKHLUGHVLJQDQGLPSOHPHQWDWLRQLVEDVHGRQZHOO
NQRZQODZVDQGVLPSOHQXPHULFDOPHWKRGV7KHFUHDWLRQRIOHDUQLQJUHVRXUFHVIRUVSHFLDOL]HGFRXUVHV
LQWHUGLVFLSOLQDU\RUWUDQVGLVFLSOLQDU\PD\EHIDFHGZLWKLQVXUPRXQWDEOHGLIILFXOWLHVLQWKHDUHDVZKHUH
D WHDFKHU LV UHTXLUHG WR H[SODLQ DQG VKRZ DQ\ FRPSOH[ UHDOOLIH SURFHVV HJ FLW\ LQXQGDWLRQ DQG
HYDFXDWLRQ>@RUSURFHVVHVLQWKHKXPDQERG\>@6LPSOLILHGFRSLHVRIUHODWHGPRGHOVGHVLJQHGDV
OHDUQLQJUHVRXUFHVDOORZVWXGHQWVWRDFTXLUHDEDVHNQRZOHGJHEXWQRWWRVWXG\WKHIHDWXUHVDQGKLGGHQ
UHJXODULWLHVRIVXFKSURFHVVHV7KHLQWHUQVKLSPD\PLWLJDWHWKLVSUREOHPIRUWKHGHILQHGSUDFWLFDODUHD
EXWOLPLWVVWXGHQWV¶RSSRUWXQLWLHVLQVWXG\LQJWKHFRPSOH[SURFHVVHVDQGV\VWHPVLQRWKHUDUHDVRIOLIH
,IVWXGHQWVUHFHLYHDFFHVVWRWKHRULJLQDOVRIWZDUHIRUFRPSOH[V\VWHPV¶VLPXODWLRQZLWKWKHXVHRIHJ
DUHPRWHGHVNWRSPDVWHULQJWKLVVRIWZDUHEHIRUHXVLQJLWZRXOGEHWLPHFRQVXPLQJ
&RQWHPSRUDU\ VFLHQWLILF VRFLHWLHV RIIHU D ZLGH FKRLFH RI PHWKRGV DQG LQVWUXPHQWV IRU HIIHFWLYH
VFLHQWLILF FROODERUDWLRQ IURP WKH H[FKDQJH RI VFLHQWLILF SDSHUV VSHFLDO VRFLDO QHWZRUNV   WR WKH
DSSOLFDWLRQRIVWDQGDUGDQGDGYDQFHGFORXGPRGHOVDQGWKHZRUNIORZ:)SDUDGLJPDQGWKHUHVHDUFK
REMHFW 52FRQFHSW >@ ,Q WKHSDSHU >@ZHGHVFULEHG WKHDSSURDFK WR WKHH[WHQVLRQRI WKH
&/$9,5(FORXGSODWIRUPEDVHGRQWKH52FRQFHSWZKLFKVLPSOLILHVUHVHDUFKHUV¶FROODERUDWLRQZLWK
WKHXVHRILQWHUQHWEURZVHUVRQO\:HVKRZHGWKDWWKHGHFODUDWLRQRIVFLHQWLILFDSSOLFDWLRQSDFNDJHVDQG
MRLQWIUHHVFLHQWLILF:)LPSOHPHQWDWLRQDUHHDV\HYHQIRU\RXQJVFLHQWLVWVDQGVSHFLDOLVWV
:HVXSSRVHWKDW&6ZLOOVSUHDGWRDOPRVWDOOVSKHUHVRIVFLHQFH7KHUHIRUHHGXFDWLRQDOVRFLHWLHV
KDYHWRSURYLGHVWXGHQWVZLWKQRWRQO\WKHUHTXLUHGNQRZOHGJHDQGVNLOOVLQWKHGHILQHGDUHDEXWDOVR
ZLWK WKH H[SHULHQFH RI UHDOOLIH FRPSOH[ SURFHVVHV¶ VLPXODWLRQ ZLWK WKH XVH RI WKH ODWHVW VFLHQWLILF
VHUYLFHVDQGZLWKPLQLPDOHIIRUWWRPDVWHUWKHP
:HKDYHWKHIROORZLQJTXHVWLRQVXQGHUFRQVLGHUDWLRQ
4 +RZ FDQ VFLHQWLILF WHDPV HDVLO\ VKDUH WKHLU UHVXOWV LQ WKH IRUP RI DSSOLFDWLRQ SDFNDJHV IRU
HGXFDWLRQDOSXUSRVHVZKLOHSURWHFWLQJWKHLUUHVRXUFHVIURPXQZDQWHGVWXGHQWV¶DFWLYLWLHV"
4+RZFDQVWXGHQWVEHSURYLGHGZLWKVFLHQWLILFDSSOLFDWLRQSDFNDJHVDQGUHODWHG:)VDQGVHUYLFHV
LQDVLPSOHDQGIDVWPDQQHU"
4+RZFDQWKHFUHDWHGUHVRXUFHVEHNHSWXSWRGDWHLQDUDSLGO\FKDQJLQJHQYLURQPHQWRIVFLHQWLILF
UHVRXUFHV"

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4 +RZ FDQ WKH PHPEHUV RI HGXFDWLRQDO VRFLHWLHV EH SURYLGHG ZLWK WRROV IRU KLJK UHDOLVWLF
YLVXDOL]DWLRQ"
:HSURSRVHDPHWKRGDQGOHDUQLQJPRGHOWRXVH:)EDVHGVHUYLFHVWKURXJKWKH&/$9,5(FORXG
SODWIRUPIRUHGXFDWLRQDOSXUSRVHV7KHOHDUQLQJPRGHOVRIIHUHGLQ>@DOORZXVWRXVHRQHVFLHQWLILF:)
LQGLIIHUHQWPRGHV DVZHOO DVDQHOHPHQWDU\REMHFWDVDQREMHFWZLWKFKDQJHDEOHVWUXFWXUH IRU  WKH
GHVLJQRI9//V7KHDSSURDFKEDVHGRQ WKHYLUWXDOVLPXODWLRQREMHFW 962FRQFHSW >@DOORZVXV
FUHDWHEDVLFHOHPHQWVRIWKHFRXUVHLQFOXGLQJLWVVXSSRUWLQJVWUXFWXUHDVWDFNRI9//VDQGVRRQ7KHVH
PHWKRGVJLYHXVSDUWLDODQVZHUVWRTXHVWLRQV4DQG4+RZHYHUZHWKLQNWKHVFLHQWLILFJURXSVDQG
PHPEHUVRIHGXFDWLRQDOVRFLHWLHVVKRXOGEHSURYLGHGZLWKDZHOOGHILQHGWHFKQRORJ\DOJRULWKPDQG
WRRONLWWRXVHGLIIHUHQWIRUPVRIVFLHQWLILFUHVXOWVIRUHGXFDWLRQDOSXUSRVHVLQFOXGLQJWKRVHLQWKHFRQWH[W
RITXHVWLRQV4±4
7KLV SDSHU GHVFULEHV RXU DSSURDFK WR VLPSOLI\LQJ WKH LPSOHPHQWDWLRQ RI VFLHQWLILF UHVXOWV LQ WKH
HGXFDWLRQDO SURFHVV HJ DSSOLFDWLRQ SDFNDJHV DQG VFLHQWLILF :)V GHVLJQHG IRU FRPSOH[ V\VWHPV¶
VLPXODWLRQ0RUHRYHUWKLVDSSURDFKVXJJHVWVDPHFKDQLVPIRUVWXGHQWVWRDFTXLUHYDOXDEOHH[SHULHQFH
LQFRQGXFWLQJFRPSXWHUVLPXODWLRQH[SHULPHQWV
 7RRONLWWR([WHQGWKH&/$9,5(3ODWIRUPDQGWR)DFLOLWDWHWKH
'HVLJQRI/HDUQLQJ5HVRXUFHV
,QRUGHUWRSURYLGHWHDFKHUVDQGVWXGHQWVZLWKDFFHVVWRVFLHQWLILFDSSOLFDWLRQSDFNDJHVDQGRWKHU
H[HFXWDEOHVHUYLFHVZHVKRXOGSURYLGHWKHJURXSVRIVFLHQWLVWVZLWKDVSHFLDOWRROWKDWDOORZVWKHPWR
GHFODUH WKHVH VHUYLFHV LQ WKH&/$9,5(SODWIRUP7KLV WRROPXVWEH VLPSOH WRXVHDQG WRPDVWHU ,Q
SDUWLFXODUWKHXVDJHRIWKLVWRROPXVWEHSRVVLEOHZLWKRXWSURJUDPPLQJVNLOOV0RUHRYHUWKLVWRROVKRXOG
DOORZXVHUVWRGHFODUHWKHLUSDFNDJHVVHUYLFHVLQGLIIHUHQWIRUPVRILWVLQSXWVDQGRXWSXWVDVZHOODVLWV
IXQFWLRQDOLW\HJWRPDNHWULDOUHVWULFWHGYHUVLRQVRIWKHUHODWHGVHUYLFH%HVLGHVZHVKRXOGSURYLGH
VFLHQWLVWV WHDFKHUV DQG VWXGHQWV ZLWK D JUDSKLFDO OLEUDU\ DQG WRROV LQ RUGHU WR GHVLJQ DQG DSSO\
YLVXDOL]DWLRQWRROVTXLFNO\DQGWKURXJKWKHZHELQWHUIDFHRQO\$SDUWIURPWKDWZHDUHUHTXLUHGWRDGG
IHDWXUHVLQWR&/$9,5(¶VLQWHUIDFHVDQGVHUYLFHVWRSURYLGHVWXGHQWVDQGWHDFKHUVZLWKWKHDELOLW\
WRZRUNZLWKVFLHQWLILF WH[WPDWHULDOVDQGVXSSRUW LQ OHDUQLQJPDQDJHPHQWV\VWHPV/06VHJ
0RRGOH
The web-based tool called “Package Manager” (PM)ZDVGHYHORSHG WR IDFLOLWDWH WKHSURFHVVRI
LQWHJUDWLQJ DSSOLFDWLRQ SDFNDJHV LQWR WKH &/$9,5( SODWIRUP 4 7KH 30 SURYLGHV WKH SDFNDJH
RZQHUVZLWKDQLQWHUIDFHZKLFKDOORZVXVHUVWRLQSXWJHQHUDOLQIRUPDWLRQDERXWSDFNDJHVVXFKDVWKH
SDFNDJHV¶DXWKRUVWKHRUJDQL]DWLRQDQGOLFHQVHW\SHDVZHOODVLWVLQSXWVDQGRXWSXWV,QDGGLWLRQWKH
30DOORZVXVHUVWRLQVHUWSDUDPHWHUVWKDWDUHQRWLQSXWSDUDPHWHUVRIWKHDSSOLFDWLRQSDFNDJH)RUHDFK
SDUDPHWHUXVHUVFDQVSHFLI\WKHH[SUHVVLRQLQ5XE\QRWDWLRQZKLFKLVGHSHQGHQWRQH[LVWLQJSDUDPHWHUV
GHILQHG LQ WKH SDFNDJHGHVFULSWLRQ >@7KLVRSWLRQDOORZVRZQHUV WRSUHVHQW WKHLU SDFNDJHV LQ WKH
GHVLUHG IRUPDW ,I QHFHVVDU\ WKH 30KDV WKH DELOLW\ WR GHILQH D YDOLGDWLRQ H[SUHVVLRQ IRU DQ\ LQSXW
SDUDPHWHUVXFKDVWRPDNHLWIRROSURRIRUWRSURWHFWDJDLQVWDOHJLWLPDWHXVHU4
7KHLQWHJUDWHG&/$9,5(SDFNDJHEHFRPHVDFORXGVHUYLFHDQGUHVHDUFKHUVFDQVKDUHLWZLWKDOORU
ZLWKVHOHFWHGXVHUV,IWKHVRXUFHSDFNDJHQHHGVWREHPRGLILHGWKHRZQHUFDQPDNHWKHUHTXLUHGFKDQJHV
LQWKHSDFNDJHGHVFULSWLRQLQVXFKDZD\WKDWWKHLQSXWSDUDPHWHUVRIWKHUHOHYDQWFORXGVHUYLFHZLOOEH
XQDIIHFWHG7KHXVHUVZKRUHFHLYHGDFFHVVWRWKHDERYHPHQWLRQHGFORXGVHUYLFHZKLFKLVEDVHGRQDQG
GHFODUHGWKURXJKWKH30SDFNDJHDUHSUHVHQWHGZLWK&/$9,5(¶VZHELQWHUIDFHRQO\7KHUHIRUHWKH\
ZLOOQRWQRWLFHWKHDOWHUDWLRQVRIWKHSDFNDJHFKDQJHVDQGXSGDWHV4
The C++-based library for the rapid development of visualization tools RIIHUV D ³EDVHBGHPR´
WHPSODWHWREHFKDQJHGLQRUGHUWREXLOGFXVWRPL]HGGRPDLQVSHFLILFYLVXDOL]DWLRQWRROV7KLVWHPSODWH
FRQWDLQVWKHIRXUDEVWUDFWPHWKRGV>@WKDWSURYLGHXVHUVZLWKWKHDELOLW\WREXLOGSUHSDUHGG\QDPLF
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
'JUDSKLFDOVFHQHV47KH³EDVHBGHPR´WHPSODWHDOORZVGHYHORSHUVWRFRQQHFWWKH.LQHFWGHYLFH
KHQFHSURYLGLQJRSHUDWRUVZLWKWKHDELOLW\WRFRQWUROVFHQHVWKURXJKKDQGJHVWXUHV4
7KH&EDVHGOLEUDU\PHQWLRQHGDERYHVXSSRUWVWKHPRGHRIVWHUHRVFRSLFYLVXDOL]DWLRQRIYDULRXV
W\SHV VXFK DV DQDJO\SKV DQG SRODUL]DWLRQ7KHVH SURSHUWLHV DOORZ XV WR VWXG\ VXFK IHDWXUHV RI D
FRPSOH[V\VWHPWKDWDUHQRWVHHQRQDSODQH'SLFWXUH
7KLVOLEUDU\ZDVVXSSOHPHQWHGZLWKthe graphical engine called “Fusion,”EDVHGRQ'LUHFW;
WHFKQRORJ\7KLVHQJLQHFRQWDLQVDVHWRI&FODVVHVWKDWVLPSOLI\WKHFRQVWUXFWLRQRI'VFHQHVIURP
VWDQGDUGJUDSKLFDOSULPLWLYHVOLQHVEDUVDQGVRRQDQGW\SLFDO'PRGHOVLPSRUWHGIURPWKHILOHVLQ
)%;IRUPDWZLWKFRQWHPSRUDU\HIIHFWV¶VXSSRUW LQFOXGLQJWHVVHOODWLRQ44$OVR WKH)XVLRQ
(QJLQHVXSSRUWVWKH19LGLD'9LVLRQDQGGXDOKHDGVWHUHRWHFKQRORJLHVDVZHOODVPRGHUQKXPDQ±
FRPSXWHU LQWHUDFWLRQ WRROV VXFK DV WRXFKWDEOHV RU 0LFURVRIW .LQHFW WKXV HQDEOLQJ DGGLWLRQDO
IXQFWLRQDOLWLHVWREHDGGHGWRWKHXVHUVKHOO4
7KH)XVLRQ(QJLQHZDVVXFFHVVIXOO\DSSOLHGLQWKHGHVLJQRIDKLJKO\UHDOLVWLFYLUWXDOHQYLURQPHQW
VXFK DV WKH ³$QDWRPLFDO $WODV´ ZKLFK ZDV XVHG WR FUHDWH D ' YLUWXDO OHDUQLQJ HQYLURQPHQW IRU
HGXFDWLRQDOSXUSRVHV4>@
,QRUGHUWRSUHVHQW'LPDJHVRQWKHVFUHHQVRIGHYLFHVZLWKZHDNJUDSKLFVFDSDELOLWLHVZLWKRXW
'LUHFW;VXSSRUWZHKDYHGHYHORSHGDSURWRW\SHRIWKHVHUYLFHRIYLGHRFDSWXUHDQGWUDQVODWLRQ9&76
7KHVH WRRO FDSWXUH 'SLFWXUHV IURP WKH)XVLRQ HQJLQH¶V DSSOLFDWLRQ DQG WUDQVODWH WKH UHODWHGYLGHR
VWUHDP)LJWRWKHZHEEURZVHU447KHUHIRUHDFRPSXWHUZLWKDQH[SHQVLYHYLGHRDGDSWHULV
QRWUHTXLUHGIRUVWXGHQWVDQGWHDFKHUVWRXVHWRROVRIKLJKO\UHDOLVWLFYLVXDOL]DWLRQDQGYLUWXDOUHDOLW\

,Q RUGHU WR SURYLGH VWXGHQWV DQG WHDFKHUVZLWK WKH DELOLW\ WRZRUNZLWK VFLHQWLILF WH[W PDWHULDOV
VFLHQWLILFSDSHUVUHSRUWVSURJUDPGRFXPHQWDWLRQVDQGVRRQZHKDYHGHYHORSHGan extension for the 
Ginger interface WKHEDVLF LQWHUIDFH IRUZRUNLQJZLWK VFLHQWLILF:)V >@ZKLFK VKRZVSGI ILOHV
SUHOLPLQDULO\ ORDGHG LQ WKH&/$9,5(SURMHFW7KLVH[WHQVLRQ LVEDVHGRQRadPdfViewer FRQWURO IRU
:LQ)RUPVRI7HOHULNÁÁ7KH/060RRGOHVXSSRUWZDVSURYLGHGZLWKWKHXVHRI,06/7,WRROV7KXV
D&/$9,5(¶VVHUYLFHDSSOLFDWLRQSDFNDJHPLJKWEHH[HFXWHGWKURXJKWKH3UREOHP2ULHQWHG,QWHUIDFH
32,IURPWKHZHESDJHRI0RRGOH/06
 &/$9,5(¶V6HUYLFHV$SSOLFDWLRQIRU(GXFDWLRQDO3XUSRVHV
,QWKHSUHYLRXVVHFWLRQZHGHVFULEHGWKHGHYHORSHGWRROVDQGIHDWXUHVRI&/$9,5(ZKLFKZLOOKHOS
XV WR IDFLOLWDWH WKH HIIRUWV RI WHDFKHUV WR GHVLJQ DQG DSSO\ HGXFDWLRQDO UHVRXUFHV EDVHG RQ VFLHQWLILF

6SHFLDOJODVVHVDUHUHTXLUHGIRULPPHUVLRQLQDYLUWXDOHQYLURQPHQW
KWWSZZZQYLGLDFRPREMHFWWHVVHOODWLRQKWPO
ÁÁKWWSZZZWHOHULNFRPKHOSZLQIRUPVSGIYLHZHURYHUYLHZKWPO
KWWSZZZVRPHUDQGRPWKRXJKWVFRPEORJPRRGOHVXSSRUWVFRQQHFWLQJWRLPVOWLWRROV

)LJXUH([DPSOHVRIZHEEURZVHUZLQGRZVZLWKYLGHRVWUHDPVUHQGHUHGE\WKH)XVLRQHQJLQHIURPOHIWWR
ULJKWSDUWLFOHV¶VSUHDG)OLJKW6LPXODWRUDQG$QDWRPLFDO$WODV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
SDFNDJHVDQGVHUYLFHVLQHGXFDWLRQDOSURFHVVHVLQWKHIXWXUH$VPHQWLRQHGDERYHWKHVHSDFNDJHVDQG
VHUYLFHVFDQEHRSHUDWHGRQSHUVRQDOFRPSXWHUVDVZHOODV LQFRPSOH[KHWHURJHQHRXVFRPSXWDWLRQDO
HQYLURQPHQWV6XSSRVHWKDWZHKDYH&/$9,5(¶VVHUYLFHVLQFOXGLQJWKRVHZKLFKZHUHGHFODUHGDQG
LQWHJUDWHGZLWKWKHXVHRI306HFWLRQDQGGHYHORSHGWKHUHTXLUHGYLVXDOL]DWLRQWRROVZLWKWKHXVH
RI³)XVLRQ´RUWKH&EDVHGOLEUDU\6HFWLRQ:HFRQVLGHUWKHIROORZLQJVWDJHVRIOHDUQLQJUHVRXUFHV
GHVLJQFRXUVH¶VVWUXFWXUHDQGOLVWRI9//VGHVLJQ9//V¶GHVLJQVXSSOHPHQWRIUHFHLYHG
UHVRXUFHVZLWKUHTXLUHGWH[WPDWHULDOV
 'HYHORSPHQWRIWKH6WUXFWXUHRIWKH&RXUVHDQGD/LVWRI9//V
,Q RUGHU WR IDFLOLWDWH WHDFKHUV¶ HIIRUWV WR GHVLJQ D FRXUVH LQFOXGLQJ WKH FUHDWLRQ RI D VXSSRUWLQJ
VWUXFWXUHDQGWKHGHYHORSPHQWRIDVHWRI9//VZHXVHWKH962FRQFHSWEDVHGRQDPRGHORIVHPDQWLF
RQWRORJ\ LQWHJUDWLRQ >@ 7KH VWUXFWXUH RI WKH 962 SURMHFW PD\ VHUYH DV D IRXQGDWLRQ IRU WKH
VWUXFWXUHRIWKHZKROHFRXUVHHJDFRXUVHLQWKHDUHDRISODQQLQJSXEOLFWUDQVSRUWDWLRQLQELJFLWLHV
ZKLFKZDVFRQVLGHUHGLQ>@+HQFHWKHWHDFKHULVDEOHWRSXWRQHRUPRUH962REMHFWVDQGWKHLU
FRPSRQHQWVPRGHOVDQGHYHQVHSDUDWHDSSOLFDWLRQSDFNDJHVLQDFFRUGDQFHZLWKOHDUQLQJXQLWVDQGFDVH
VWXGLHVZLWKUHFHLYHG9//V)LJ
,WLVREYLRXVWKDWWKHGHVLJQRIWKHFRXUVHV¶VWUXFWXUHLVLQILYHSURSHUWLHVRI5/2>@
ZKHQRQH962RULWVFRPSRQHQWLVXVHGLQPRUHWKDQRQHFRXUVH)RUH[DPSOH)LJVKRZVWKDWWKH
VWUXFWXUHRIWKHILUVWFRXUVHLVVLPLODUWRWKHVWUXFWXUHRI962DQGWKHZKROHRI962LVXVHGDVD
VLQJOH9//LQ7RSLFRIWKHWKLUGFRXUVH$OVRVXEFRPSRQHQW&RI962WKHVHUYLFHEDVHGRQWKH
GHFODUHGLQWKH&/$9,5(SODWIRUPDSSOLFDWLRQSDFNDJHLVXVHGLQWKHVHFRQGVXEWRSLFRI7RSLFLQ
WKHVHFRQGFRXUVHDQG7RSLFRIWKHWKLUGFRXUVH
/LQNVEHWZHHQDFRXUVH¶V WRSLFV VXEWRSLFVRUHOHPHQWV DQGH[HFXWDEOHVHUYLFHV VKRZ WKHGLUHFW
DFFHVV RI OHDUQLQJ UHVRXUFHV WR FORXG VHUYLFHV GHFODUHG E\ WKH JURXSV RI VFLHQWLVWV 6LQFH VFLHQWLILF
JURXSV DQG WHDFKHUV XVH WKH VDPH FORXG SODWIRUP &/$9,5( FKDQJHV LQ WKH SDFNDJHV DQG HYHQ
KDUGZDUHDXWRPDWLFDOO\WDNHHIIHFWLQUHODWHG9//VDQGFRXUVHV4


)LJXUH8VDJH962VDQG962¶VFRPSRQHQWVIRUEXLOGLQJFRXUVHVWUXFWXUHVDQGOLVWRI9//V
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
 'HVLJQRI9LUWXDO/HDUQLQJ/DEV
$YLUWXDO OHDUQLQJODE LVEDVHGRQD:)ZKLFKLV IRUPHGE\VFLHQWLVWVHLWKHUZLWK WKHXVHRI WKH
*LQJHULQWHUIDFHRUWKURXJKWKHLQWHUIDFHVIRUD962¶VGHVLJQWKH962FRQVWUXFWRUDQGWKH962HGLWRU
,W LV XVHG IRU WKH GHYHORSPHQW RI FDVH VWXGLHV:H KDYH SURSRVHG WKUHH RSWLRQV RI WKHZRUNIORZV¶
LPSOHPHQWDWLRQIRUWKH9//VGHVLJQFDOOHG³/HDUQLQJ0RGHOV´>@
 0RGHO³$´DKLGGHQ6:)LVXVHGLHDVWXGHQWFDQQRWYLHZDQGFKDQJHLW
 0RGHO³%´DQRSHQHG6:)LVXVHGLQWKHUHDGRQO\PRGH
 0RGHO³&´DQRSHQHG6:)ZLWKWKHDELOLW\WRFKDQJHLVXVHG
,Q DGGLWLRQ WR WKH DERYHPHQWLRQHGPRGHOV D FKHFN RI WKHZRUNIORZ¶V WHPSODWH LV RIIHUHG 7KLV
WHPSODWHFDQEHXVHGWRDXWRPDWHWKHDVVHVVPHQWRIVWXGHQWV¶UHVXOWVDQGPD\EHLQFOXGHGLQVRPH962V
DVD962PRGHO>@
 6XSSRUWLQJ(GXFDWLRQDO5HVRXUFHVZLWK5HTXLUHG7H[W0DWHULDOV
:KHQ WKH VWUXFWXUH RI WKH FRXUVH DQG WKH 9//¶V GHVLJQ DUH FRPSOHWHG WKH SUHSDUDWLRQ RI WH[W
PDWHULDOV IRU OHFWXUHV DQG FDVH VWXGLHV LQFOXGLQJ VHPLQDUV DQG ODEV LV UHTXLUHG *HQHUDOO\ HDFK
VFLHQWLILF UHVXOW LQFOXGLQJ DSSOLFDWLRQ SDFNDJHV LV DFFRPSDQLHGZLWK WH[W PDWHULDOV UHSRUWV SDSHUV
VRIWZDUH GRFXPHQWDWLRQ DQG VR RQ ,Q SDSHU >@ WKH SULQFLSOHV RI UDSLG FRPSRVLWLRQ RI OHDUQLQJ
PDWHULDOVEDVHGRQFRPPRQIRUPDWVIRUUHSUHVHQWLQJWKHUHVXOWVRIVFLHQWLILFUHVHDUFKHVZHUHSUHVHQWHG
7KHVHSULQFLSOHV VKRZKRZHOHPHQWV RI VFLHQWLILFSDSHUV VRIWZDUHGRFXPHQWDWLRQ DQG H[SHULPHQWDO
UHSRUWVFDQEHXVHGWRIRUPWKHWH[WVRIFDVHVWXGLHV
:HWKLQNWKDWWKHGHYHORSPHQWRIWKHOHFWXUH¶VPDWHULDOVLVDFUHDWLYHFRPSOH[WDVNIRUDQH[SHULHQFHG
H[SHUW7KLVSURFHVVUHTXLUHVDQDO\WLFDOWUHDWPHQWRIH[WHQVLYHYROXPHVRI³UDZPDWHULDOV´DQGWXWRULDOV
1HYHUWKHOHVVWKHWH[WVRIVFLHQWLILFSDSHUVUHSRUWVRYHUYLHZVDQGVRRQDUHXVHIXOVRXUFHVIRUWKLVW\SH
RIOHDUQLQJDFWLYLW\)RUH[DPSOHDSDFNDJHGHFODUHGLQWKH&/$9,5(DVDFORXGVHUYLFHDOORZVD
WHDFKHUWRSURYLGHVWXGHQWVZLWKOLYLQJH[DPSOHVZLWKRXWWKHHIIRUWRILQVWDOOLQJWKHUHTXLUHGVRIWZDUH
7KHUHIRUHZHFDQSURYLGHVWXGHQWVZLWKUHTXLUHGWH[WPDWHULDOVLQFOXGLQJOHFWXUHVOHFWXUHV\QRSVLV
DQGFDVHVWXG\GRFXPHQWDWLRQ7KHDSSURDFKWRWH[WPDWHULDOV¶SUHSDUDWLRQEDVHGRQSDSHUVVRIWZDUH
GRFXPHQWDWLRQDQGVRRQPLJKWVSHHGXSWKH IRUPDWLRQRIVWXGHQWV¶VNLOOV IRUZRUNLQJZLWKRULJLQDO
PDWHULDOV¶GHYHORSPHQW
 7KH6FKHPHRI,QWHUDFWLRQVRI6FLHQWLILFDQG(GXFDWLRQDO6RFLHWLHV
LQWKH&/$9,5(&ORXG3ODWIRUP
3RVVLEOHZD\VRIFROODERUDWLRQIRUVFLHQWLILFDQGHGXFDWLRQDOVRFLHWLHVWRREWDLQOHDUQLQJUHVRXUFHV
EDVHGRQFRPSXWDWLRQDOUHVRXUFHVDQGDSSOLFDWLRQSDFNDJHVDUHVKRZQLQ)LJ7KHEDVLFSDUWRIWKLV
SURFHVVLVWKHLQWHJUDWLRQRIDSSOLFDWLRQSDFNDJHVLQWRWKH&/$9,5(SODWIRUPZLWKWKHXVHRI304
,QDGGLWLRQ&/$9,5(KDVWKHDGPLQLVWUDWRU¶VLQWHUIDFHWRGHILQHFRPSXWDWLRQDOUHVRXUFHV
7KHVFLHQWLILFDSSOLFDWLRQSDFNDJHFDQEHLQVWDOOHGDQGRSHUDWHGLQWKHFRPSXWDWLRQDOUHVRXUFHVRI
WKHVFLHQWLILFWHDPVDVZHOODVXQLYHUVLWLHV¶UHVRXUFHV7KHSURFHVVRISDFNDJHGHILQLWLRQZLWKWKHXVHRI
30GRHVQRWGHSHQGRQWKHORFDWLRQRIWKHDYDLODEOHDQGVKDUHGFRPSXWDWLRQDOUHVRXUFHV$IWHU WKDW
SDFNDJHRZQHUVRU WHDFKHUVH[SHUWVFKHFNWKHUHFHLYHG FORXGVHUYLFHV WKURXJKWKH32,7KHQ WKH\
LQVWDOOKLJKO\UHDOLVWLFYLVXDOL]DWLRQWRROVLQFOXGLQJWRROVEDVHGRQWKH&EDVHGOLEUDU\DQGWKH)XVLRQ
HQJLQHGHVFULEHGLQ6HFWLRQRQWKH3&RUVHUYHUDQGFRQQHFWLWWRWKH9&767KHRSSRUWXQLW\IRU
TXLFN DQG VLPSOH VKDULQJ DQG GHYHORSPHQW RI DSSOLFDWLRQ SDFNDJHV DQG YLVXDOL]DWLRQ WRROV ZHUH
H[DPLQHGGXULQJWKHH[HFXWLRQRISURMHFWVGHVFULEHGLQ>@
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
,QFDVHVZKHUHFKDQJHVLQVFLHQWLILFSDFNDJHVRFFXUVFLHQWLVWV¶JURXSVLQWURGXFHUHODWHGFKDQJHVLQ
WKH GHVFULSWLRQV RI FORXG VHUYLFHV DQG LQIRUP WKH PHPEHUV RI HGXFDWLRQDO VRFLHWLHV LI QHFHVVDU\
*HQHUDOO\WKHZRUNIORZVZKLFKFRQWDLQUHODWHGFDOOVRIFORXGVHUYLFHVGRQRWUHTXLUHPRGLILFDWLRQV

 $SSOLFDWLRQRI WKH2IIHUHG$SSURDFK WR'HVLJQD6\QWKHWLF
&RXUVHLQH6FLHQFH7HFKQRORJLHV
$WWKHEHJLQQLQJRIWKLVSDSHUZHQRWHGWKDWFRQWHPSRUDU\UHVHDUFKRIFRPSOH[V\VWHPVDUHRILQWHU
RUWUDQVGLVFLSOLQDU\QDWXUHDQGWKDWUHODWHGFRXUVHVWRDODUJHH[WHQWFRYHUWZRRUPRUHVFLHQWLILFDUHDV
)RULQVWDQFHWKHFRXUVH³3XEOLF*URXQG7UDQVSRUW6FKHGXOLQJ´RIIHUHGLQ>@DQGEDVHGRQWKUHH
962V ³3DVVHQJHUV´ ³5RXWHV RQ 9DVLO¶HYVNL\ ,VODQG´ DQG ³7LPHWDEOH´ >@ FDQ WRXFK XSRQ WKH
VFLHQWLILF DUHDVRI ³*UDSK7KHRU\´ ³3DUDOOHO3URJUDPPLQJ7HFKQRORJ\´ ³2SHUDWLRQ5HVHDUFK´ DQG
RWKHUV,QWKLVZRUNZHRIIHUDV\QWKHWLFFRXUVHEDVHGRQVRPHFRPSOHWHGFRPSOH[UHVHDUFKHVLQWKH
DSSOLFDWLRQDUHDVZKHUHPHWKRGVDQGWHFKQRORJLHVRI&6ZHUHXVHG7KHFRXUVHXQGHUFRQVLGHUDWLRQLV
FDOOHG ³H6FLHQFH 7HFKQRORJLHV´ VLQFH LW FRQWDLQV WRSLFV RI WKH GHYHORSPHQW RI WKH FRPSRQHQWV RI
H6FLHQFHLQIUDVWUXFWXUHDQGDVHWRIWRSLFVFRQVLGHULQJFRPSOH[DSSOLFDWLRQWDVNVLQGLIIHUHQWDUHDVRI
UHDOOLIH
$VPHQWLRQHGDERYHWKHOHFWXUHSDUWRIWKHFRXUVHVKRXOGEHDUHVXOWRIFRPSOH[HIIRUWVRIRQHRU
PRUHH[SHUWVLQWKHUHODWHGILHOG7KHVWUXFWXUHRIOHFWXUHPDWHULDOVFRXOGEHDVIROORZV
 *HQHUDO1RWLRQVRIH6FLHQFH
 H6FLHQFH7HFKQRORJLHVIRU&RPSXWDWLRQDO3UREOHPV
 H6FLHQFH6\VWHPVIRU%LJ'DWD
 H6FLHQFH7HFKQRORJLHV2ULHQWHGWR/LIH&\FOHRI&ROODERUDWLYH6FLHQWLILF5HVHDUFKHV

)LJXUH,QWHUDFWLRQVRI6FLHQWLILFDQG(GXFDWLRQDO6RFLHWLHVZLWKWKH8VHRIWKH&/$9,5(&ORXG
3ODWIRUP
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
7KH³SRRO´RIVHPLQDUVDQGFDVHVWXGLHVLVIRUPHGRQWKHEDVLVRIVFLHQWLILFSDSHUVFORXGVHUYLFHV
DSSOLFDWLRQ SDFNDJHV 962V DQG 962V¶ SURMHFWV WKDW ZHUH LQWHJUDWHG DQG LPSOHPHQWHG LQ WKH
&/$9,5(SODWIRUP7KHOLVWRIVHPLQDUVDQGSDUWRIVRXUFHVDSSOLFDWLRQSDFNDJHV962VVFLHQWLILF
SDSHUVWKHVHVDQGVRRQRIWKHILUVWSDUWRIWKH³SRRO´DUHVKRZQEHORZ
 'LVWULEXWHG SURFHVV VFKHGXOLQJ WR H[HFXWH FRPSRVLWH DSSOLFDWLRQ LQ KLHUDUFKLFDO FORXG
HQYLURQPHQWV Packages: 0RGHO &RPSOH[ 1HWZRUN ZLWK YLVXDOL]DWLRQ ZHEVHUYLFH ±
CNM_VIS4XLFNVRUW±t_qsortSources:>@
 3HFXOLDULWLHVRISODQQLQJWKHFDSDFLW\RIFRPSXWLQJUHVRXUFHVLQFORXGHQYLURQPHQWVPackages:
t_qsort&RPSOH[1HWZRUN6LPXODWLRQSDFNDJH±CNM6RUWHG6HTXHQFHV0HUJHUSDFNDJH±
t_merger &RPSOH[ 1HWZRUN 6WDWLVWLFV SDFNDJH ± statnet ,QIRUPDWLRQ 6SUHDG 6LPXODWLRQ
SDFNDJH±ISMSources:>@
 0HWKRGVRIGHVLJQDQGDSSOLFDWLRQRISHUIRUPDQFHPRGHOVRIFORXGVHUYLFHVPackages:t_qsort
5DQGRP 1XPEHUV *HQHUDWRU ± t_random 1XPEHU 6HTXHQFHV 6SOLWWHU ± t_split t_qsort
t_mergerVSOs:6RUWt_randomt_splitt_qsortt_mergerSources:>@
 7HFKQRORJLHVIRUSUREOHPRULHQWHGVFLHQWLILFUHVHDUFKVSOs:6HD9HVVHO>@962SURMHFW
³6KLS0RWLRQV´Source:>@
)RUWKHRWKHUVSDUWVRIWKHFRXUVHZHKDYHXVHGWKH962V³&\FORQH´>@³3DVVHQJHUV´³5RXWHV´
DQG³7LPH7DEOH´ >@ 962SURMHFW ³3XEOLF7UDQVSRUW6FKHGXOLQJ´7KHZKROHFRXUVHFRQWDLQV
VHPLQDUVDQGFDVHVWXGLHVEDVHGRQPRUHWKDQWH[WVRXUFHVDSSOLFDWLRQSDFNDJHVDQG962V
7KLVFRXUVHODVWVIRUZHHNVRQHVHPHVWHU$OPRVWDOO962VH[FHSW³6RUW´FRQWDLQYLVXDOL]DWLRQ
WRROV
$VFDQEHVHHQZHDSSOLHGWKH962³6RUW´DQGLWVSDFNDJHVIRUPRUHWKDQRQHFDVHVWXG\$OVRZH
FDQVHHWKDWDVPHQWLRQHGDERYHWKH962VDQGSDFNDJHVPD\EHXVHGWRSUHSDUHOHDUQLQJUHVRXUFHVIRU
DVHTXHQFHRIEDVLFVSHFLDOL]HGLQWHUGLVFLSOLQDU\FRXUVHV±IRUH[DPSOH³1XPHULFDO0HWKRGVRIVKLS
VLPXODWLRQ´962V³6KLS´DQG³9HVVHO´³8UEDQ7UDQVSRUW6\VWHP6LPXODWLRQ´962SURMHFW³3XEOLF
7UDQVSRUW6FKHGXOLQJ´³3DUDOOHO&RPSXWLQJ´DQ\SDFNDJHZKLFKVXSSRUWVSDUDOOHODQGRUGLVWULEXWHG
FRPSXWLQJ ³2SHUDWLRQ 5HVHDUFK´ 962 ³7LPH7DEOH´ ³1XPHULFDO ZHDWKHU SUHGLFWLRQ´ 962
³&\FORQH´³$OJRULWKPV¶'HVLJQ´SDFNDJH³WBTVRUW´DQGVRRQ
%HVLGHVWKLVZHFDQQRWHWKDWWKHSDUWVRIOHFWXUHVVHPLQDUVDQGFDVHVWXGLHVDUHQRWUHODWHGGLUHFWO\
WRHDFKRWKHU:HGRQRWFRQVLGHUWKLVHIIHFWDGLVDGYDQWDJHRIRXUDSSURDFKWRDFRXUVHGHVLJQ7KLV
IHDWXUHHPHUJHVZKHQDFRXUVHLVYLHZHGDWWKHV\VWHPOHYHO±ZKHQDWKHRUHWLFDOSDUWFRYHULQJWKH
VXEMHFW RI WKH FRXUVH LV RSHQ DQG IOH[LEOH WR DOWHUDWLRQV DQG WKHUHIRUH FDQQRW EHQDUURZHGGRZQ WR
VHSDUDWHGFRPSRQHQWVRIWKHFRXUVH
7KDQNV WRRXUDSSURDFKZHKDYHVSHQWQRPRUH WKDQ IRXUKRXUV WRGHVLJQ WKHFRXUVH³H6FLHQFH
7HFKQRORJLHV´LQFOXGLQJWKH³SRRO´RIVHPLQDUVDQGFDVHVWXGLHVZLWKUHODWHG9//VDYDLODEOHWKURXJK
WKHZHELQWHUIDFHRQO\:HWKLQNWKDWLWLVPXFKIDVWHU>@LQFRPSDULVRQZLWKWLPHVSHQWIRUFRXUVH
GHVLJQZLWKWKHXVHRIH[LVWLQJDSSURDFKHVDQGWHFKQRORJLHV:HREVHUYHGWKDWWKHYDOXHRIWHDFKHUV¶
H[SHUWV¶SDUWLFLSDWLRQLVQRWUHGXFHGVLQFHWKH\FRXOGDIIRUGWRVSHQGPRUHWLPHIRUVHOIVWXG\DQG
GLVFRYHU\RI UHTXLUHG WKHRUHWLFDOPDWHULDOV DQGQRYHO WHFKQLFDO VROXWLRQV WR LPSURYH WKHSDUWVRI WKH
FRXUVHGHGLFDWHGWRVHPLQDUVDQGFDVHVWXGLHV
6XPPDUL]LQJ DOO RI WKH DERYH ZH DUH RIIHULQJ SRVVLEOH VWHSV RI FRXUVH GHVLJQ LQ WKH DUHD RI
FRPSXWDWLRQDOVFLHQFHE\DSSO\LQJWKHDSSURDFKSUHVHQWHGLQWKLVZRUNLQFRPELQDWLRQZLWKDWRRONLW
EDVHGRQWKH&/$9,5(FORXGSODWIRUP
 WRGHWHUPLQH WKHFRXUVHDUHDDQGUHODWHGUHTXLUHPHQWV LQFOXGLQJSUHUHTXLVLWHVDQGREOLJDWRU\
OHDUQLQJREMHFWLYHVDQGRXWFRPHV

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 WRILQGFRUUHVSRQGLQJVFLHQWLILFUHVRXUFHVWH[WPDWHULDOVSDSHUVUHSRUWVGRFXPHQWDWLRQVDQG
VRRQDQGLPSOHPHQWDWLRQVDSSOLFDWLRQSDFNDJHVFORXGVHUYLFHVLQFOXGLQJ&/$9,5(¶V:)V
DQG962V
 WRLQWHJUDWHH[HFXWDEOHUHVRXUFHVDSSOLFDWLRQSDFNDJHVLQWKH&/$9,5(FORXGSODWIRUPZLWK
WKHXVHRI30LIQHFHVVDU\DQGWRJHWDFFHVVWRUHODWHGFORXGUHVRXUFHV
 WR GHVLJQ WKH VXSSRUWLQJ VWUXFWXUH RI WKH FRXUVH ± WKH H[SHUW¶V DFWLYLW\ LV EDVHGRQSHUVRQDO
H[SHUWLVH962V¶VWUXFWXUHV>@DQGRWKHUVRXUFHV
 WRGHVLJQ9//VXVLQJ&/$9,5(¶VFORXGVHUYLFHV>@
 WRSUHSDUHWKHWH[WOHDUQLQJUHVRXUFHVIRUVHPLQDUVDQGFDVHVWXGLHV>@
 WRSURYLGHDFFHVVWRWKHUHFHLYHGOHDUQLQJUHVRXUFHVIRUWKHPHPEHUVRIWKHHGXFDWLRQSURFHVV
7RGHVLJQDQGLPSOHPHQWOHDUQLQJUHVRXUFHVE\DSSO\LQJRXUDSSURDFKIRUPHPEHUVRIHGXFDWLRQDO
VRFLHWLHVLWLVVXIILFLHQWWRKDYHFKHDSFRPSXWHUGHYLFHVLQFOXGLQJWDEOHW3&VZLWKDZHEEURZVHUDQG
DVDWLVIDFWRU\,QWHUQHWFRQQHFWLRQ
 &RQFOXVLRQDQG)XWXUH:RUNV
,QWKLVSDSHUZHFRQVLGHUHGWKHDSSURDFKWRVLPSOLI\LQJWKHGHVLJQDQGLPSOHPHQWDWLRQRIOHDUQLQJ
UHVRXUFHV IRU FRXUVHV LQ FRPSXWDWLRQDO VFLHQFH :H WULHG WR XQLWH LQVWUXPHQWV WHFKQRORJLHV DQG
DSSURDFKHVIRUUHVHDUFKHUV¶FROODERUDWLRQDQGFRQWHPSRUDU\HGXFDWLRQDOWHFKQLTXHVLQFOXGLQJOHDUQLQJ
DQGUHVHDUFKREMHFWFRQFHSWV/HDUQLQJ7RROV,QWHURSHUDELOLW\DVZHOODVWKHODWHVWFORXGFRPSXWLQJDQG
,36(WHFKQRORJLHVDQGRQWRORJLFDODSSURDFKHV962FRQFHSW:HRIIHUHGZD\VWRH[WHQGDQGXVHWKH
&/$9,5(FORXGSODWIRUP WRSURYLGHPHPEHUVRIVFLHQWLILF VRFLHWLHVZLWK LQVWUXPHQWV WRVKDUH WKHLU
VRIWZDUH DQG FRPSXWDWLRQDO UHVRXUFHV LQ D VLPSOH TXLFN DQG VHFXUH PDQQHU WKH WRRO ³3DFNDJH
0DQDJHU´±4,QSUDFWLFHZHGHVLJQHGWKHPHWKRGVWRGHYHORSYLUWXDOOHDUQLQJODEVIRUFDVHVWXGLHV
WRGHVLJQWKHFRXUVHVWUXFWXUHDQGWRVXSSRUWDQGVXSSOHPHQWH[HFXWDEOHUHVRXUFHVZLWKWH[WPDWHULDOV
±46LQFHVFLHQWLILFJURXSVDQGWHDFKHUVVKDUHWKHVDPHFORXGSODWIRUP&/$9,5(FKDQJHVLQWKH
SDFNDJHVDQGHYHQKDUGZDUHDXWRPDWLFDOO\WDNHHIIHFWLQUHODWHG9//VDQGFRXUVHV±40RUHRYHUZH
GHVLJQHGDQGLPSOHPHQWHGWKH&EDVHGOLEUDU\DQGWKH&EDVHG)XVLRQHQJLQHZKLFKDOORZXVWR
FUHDWHUDSLGDQGHDV\WRXVHKLJKO\UHDOLVWLFYLVXDOL]DWLRQWRROV±4
7KH VXJJHVWHG DSSURDFK ZDV DSSOLHG WR GHVLJQ VHYHUDO FRXUVHV LQ WKH DUHDV RI XUEDQ VWXG\
QDQRWHFKQRORJLHVDQGZHDWKHUVLPXODWLRQDVZHOODVLQWKHDUHDRIH6FLHQFH7KHODVWFRXUVHLVEDVHGRQ
WKHVHTXHQFHVRIDSSOLFDWLRQSDFNDJHVGHFODUHGLQWKH&/$9,5(SODWIRUPDQG962VGHYHORSHGWRVROYH
WDVNVLQGLIIHUHQWDSSOLFDWLRQGRPDLQV$VVKRZQDERYHWKHSDFNDJHVDQG962VPLJKWEHXVHGIRUD
VHTXHQFHRIEDVLFDQGVSHFLDOL]HGLQWHUGLVFLSOLQDU\FRXUVHV
,QWKHIXWXUHZHDUHSODQQLQJWRGHVLJQWKHPHWKRGRIPDWKHPDWLFDOPRGHOLQJRIFRXUVHVDQGOHDUQLQJ
UHVRXUFHV EDVHG RQ VKDUHG VFLHQWLILF FORXG UHVRXUFHVZLWK WKH XVH RI WKH &/$9,5( SODWIRUP 7KLV
PHWKRGZLOOFRQWDLQDOJRULWKPVWRDVVHVVWKHUHTXLUHPHQWVWRDGPLWVWXGHQWVWRH[HFXWHDFDVHVWXG\DQG
WKHOHDUQLQJRXWFRPHVEDVHGRQDUHYLVHGYHUVLRQRI%ORRP¶VWD[RQRP\+DYLQJLQPLQGFRPSHWHQF\
DVVHVVPHQWVDFRPELQDWLRQRIFDVHVWXGLHVDVEDVLFHOHPHQWVRIWKHOHDUQLQJSURFHVVZLOODFWDVDIXQFWLRQ
WR DXWRPDWH WKH LQLWLDO GHVLJQ RI FRXUVHV DQG HGXFDWLRQDO SURJUDPV 7KLV VROXWLRQ ZLOO UHTXLUH WKH
LPSOHPHQWDWLRQRIIXUWKHUXSGDWHVLQWKH&/$9,5(SODWIRUPDQGQHZIXQFWLRQVIRULWVZHELQWHUIDFH
 $FNQRZOHGJHPHQW
7KLVSDSHULVILQDQFLDOO\VXSSRUWHGE\0LQLVWU\RI(GXFDWLRQDQG6FLHQFHRIWKH5XVVLDQ)HGHUDWLRQ
$JUHHPHQW
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